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Abbreviations and Units 
J: joule: the unit of energy; 1 J = I Nra (= 0.239 cal) 
Gy: gray: the unit of absorbed dose = 1 J kg-' (= 100 rad) 
Sv: sievert: the unit of dose equivalent = 1J kg-' (= 100 rem) 
Bq: becquerel: the unit of radioactivity = 1 s-1 (= 27 pCi) 
cal: calorie = 4.186 J 
rad: 0.01 Gy 
rem: 0.01 Sv 
Ci: curie: 3.7 x 10" Bq (= 2.22 x lO* dpm) 
E: exa: 10'« 
P: peta: 10'* 
T: tera: 10u 
G: giga: 10' 
M: mega: 10* 
k: kilo: 103 
m: milli: 1**-* 
p.: micro: 10-6 
n: nano: 10-9 
p: pico: 10"12 
f: femto: 101 5 
a: atto: lO-1* 
pro capite: per individual 
TNT: trinitrotoluol; 1 Mi TNT: nuclear explosives equivalent to 10' kg 
TNT. 
yr': per year (a-1) 
cpm: counts per minute 
dpm: disintegrations per minute 
OR: observed ratio 
CF: concentration factor 
FP: fission products 
u. R: micro-roentgen, 10-6 roentgen 
S.U.:
 PCi*>Sr(gCa)-i 





nSr: natural (stable) Sr 
eqv. rr.g KCl: equivalents mg KCl: activity as from 1 mg KCl 
(~0.96 dpm = 0.016 Bq; 1 g K = 30.65 Bq) 
S.D.: standard deviation: 
S.E.: standard error 
fas-«)7 




U.C.L.: upper control level 
L-CL-: lower control level 
S.S.D.: sum of squares of deviation: i(x-x,F 
f: degrees of freedom 
s~: variance 
rz ratio of the variance in question to the residual variance 
P: probability fractile of the distribution in question 
i | : coefficient of variation, relative standard deviation 
anova: analysis of variance 
A: relative standard deviation 20-33% 
B: relative standard deviiion > 33%, such results are not considered 
significantly different from zero activity 
B.D.L.: bdow detection limit 
In the significance test the following symbols were used: 
• : probably significant (P > 95%) 
*• : significant (P > 99%) 
•**: highly significant (P > 99.9%) 
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1 General Introduction 
From 1962 to 19S2 we have published separate annual report on Environ-
mental Radioactivity in the Faroes ; Rt>v» Reports iFarooc 1962-19S2- and 
Greenland (Riso Report« (Greenland 1962-I9S2; The reports tor 19S3 and 
after are con lined in »he new series: »Environmental Radioactivity in the 
North Atlantic Rey ion. The Faroe Islands and Greenland ir.~iudcd- * Riso 
Reports (North Atlantic Region I9S3-19S71 of which the present report is the 
sixth. It includes I9SS and 19S9. In the tables and figures, which are placed at 
the end of each chapter. 19SS is marked by A and 19S9 by B. 
Chapter 2 in this report corresponds to the arlier report for the Faroes and 
Chapter 3 to the Greenland report-
In Chapter 4 we report on environmental radioactivity studies from other 
parts of the North Atlantic region including some sea water data from the 
Faroe Islands and Greenland. Chapter 4 also includes results from sam* mgs 
carried out in earlier vears. 
2 Environmental Radioactivity in the 
Faroe Islands in 1988 and 1989 
2.1 Introduction 
2.1.1. 
The fallout programme for the Faroes, which was initiated in 1962 (Riso 
Reports (Faroese) 1962-1982) in close co-operation with the National Health 
Service and the chief physician of the Faroes, was continued with some 
adjustments due to the Chernobyl accident. A special sampling was carried 
out by Risø in July 19S9 in order to compare the environmental behaviour of 
Chernobyl debris with that from old global fallout and with a similar samp-
ling in 1987. 
2.1.2. 
The present report wilt not repeat information concerning sample collection 
and an .lysis already given in Riso Reports Nos. 64, 86, 108, 131, 155. 181, 
202, 221, 246. 266. 292. 306, 324. 346, 361, 387, 404, 422. 448, 470, 488, 510, 
528, 541, 550 and 564 (Riso Reports (Faroese) 1962-1982), (Riso Report« 
(North Atlantic Region) 19S3-1987). 
2.1.3. 
The mean diet of the Faroese used in this report is still based on the 1962 
estimate given by the late Professor E. Hoff-Jørgensen. 
2.1.4. 
The present investigation was carried out together with corresponding exami-
nations of fallout levels in Denmark and Gieenland, described in Riso Report 
No. 570 and in Chapter 3 of this report, respectively. 
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22 Results and Discussion 
2.2.1 Sltoatnun-90 and Radioceskun in Faroese Precipitation 
Tables 2.2.1.1 and 2.2.1.3 show the *°Sr and radiocesium content, respectively, 
in precipitation collected at Hojvig (near Thorshavn) and Klaksvig in 19SS 
and 1989. 
The **Sr fallout in 1989 was dose :o the limit of detect ion. 
The mean depositions of ,,7Cs in 1988 and 1989 were 22 and 9 Bq m-\ 
respectively. This corresponds to an effective halflife of about 0.5 years, short-
er in Klaksvig and longer i» Hojvig. Compared with Denmark the decrease is 
mere rapid in the Faroes, corresponding to less resuspension here, probably 
due to the higher rain fall. 
2.2-2 StroiMtiim-90 and Radmcesiumia Faroese Crass 
As previously grass were cnllecTed in June and August (rom Thorshavn (cf. 
Tabks2-2.2-IAandB). 
Furthermore, Riso performed a countrywide samping in July 1989 (Table 
2-2.2-2). Compared with the corresponding sampling in 1987 the radiocesium 
levels woe in general significantly lower in 1989 except at Sydero, where we 
observed a minor increase. 
2-2J Stronthun-90 and Radiocesnun in Faroes« Milk 
Tables 2.2.3.1A & B show the *>Sr and Tables 2.2.3.2.A & B the radiocesium 
levels in Faroese milk in 1988 and 1989 (cf. also Figures 2.2.3.1 and 2.2.3.2). 
Tables 2.2.3.3-2.2.3.S show the analysis of variances of the milk data. 
Figure 2.2.3.3 shows how the relative contribution from Chernobyl Cs-137 
has been decreasing in the Faroese milk. In 1987 about 80% of the l}7Cs in the 
milk was from Chernobyl; in 1990 ir had decreased to about 60% (see also 
Figure 2.2.3.4). The decrease was more rapid in the milk from Thorshavn 
than in the milk from Klaksvig and particularly from Tvxri. These two 
locations received more Chernobyl fallout than Thorshavn. Figure 2.2.3.5 
shows that wSr in Faroese milk has decreased more rapidly than *°Sr in 
Danish milk. 
Table 2.2.3.6 shows the results from the Riso whole-milk sampling in July 
1989 at four Faroese locations. 
2.2.4 Strontium-90 and Radiocesium in Faroese Terrestrial Animals 
Tables 2.2.4.A & B show the data in lamb from 1988 and 1989, respectively, 
and Figure 2.2.4.1 shows the *°Sr levels in Iamb bone since measurements 
began in 1962 and Figure 2.2.4.2 shows in a similar way the l37Cs concentra-
tions in lamb meat. 
In Figures 2.2.4.3 and 2.2.4.4 we have shown the decrease of Chernobyl 
,57Cs and global fallout ,37Cs in Faroese Iambs. The regression was highly 
significant for Chernobyl (> 99.9%), but not for global fallout (90-95%). 
The estimated effective halflives were 1.2 years for Chernobyl ,37Cs and 2.8 
years for global fallout ,37Cs. This is comparable with the more solid estimates 
for milk (Figure 2.2.3.4). The calculated infinite time integral of l37Cs in 
Faroese lamb from Chernobyl was 132 e° *«/0.595 = 123 Bq ,37Cs kg-' yr. 
This comes from a mean deposition of 2.1 kBq l37Cs nH. Hence the transfer 
factor to lambs meat became 58 Bq l37Cs kg-' yr per kBq l37Cs m~2. This may, 
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however, be an underestimate. We expect the effective halflife of Chernobyl 
,,rCs to increase with tine and approach that of global fallout , j:Cv Hence if 
that is assumed, we will from 1990 use (be effective halflife of global fallout for 
Chernobyl ,,7Cs and the transfer factor increases from 58 to 66. This is 13 of 
the earlier estimate (Aarkrog 1979) for global fallout, which wa> 200 Bq |tTCs 
kg-'yr P*r kBVJ7Cs ai--\ 
1X5. Stionti—-90 and Radéoceskun in Faroese Sea Animals 
The data on cod and haddock which since the early sixties have been collec-
ted quarterly from Faroese fishing waters are shown in Tables 2.2.5.1.A & B, 
in Figures 2*2.5 1-2.2.5.3. 
As observed earlier the ,J7Cs content of cod is significantly higher than tb<-
of haddock- It also appears that haddock contains relatively more Chernobyl 
U7Cs than cod and that thu. difference between the two species has been 
increasing from 1987 to I9S9. 
The effective halflife of total l}7Cs in cod and haddock is a little more than 
two yean. 
The global fallout >"Cs mean level (Bq kg-') in whales was 1987-1989: 
0.29 ±0.03 (±1 S.D.; N -- 4) and in puffin we found 0.145 ±0.020 Bq "7Cs 
kr1 ( s 1SD.; N » 3) (cf. Table, 2.2.5.2.Å & B). Chernobyl »7Cs was detect-
abk in mo of the four whales. 
Fish samples outside our routine programme were received in .988 (Tables 
2.2.5 3 and 2.2.5.4). Salmon contained 1.23 * 026 Bq »7Cs kg"1 ( i I S.D.; N = 
W) and 66% of the ,J7Cs came from Chernobyl. Co«! and redfish contained 
significantly less l}7Cs than salmon; but the Chernobyl per cent was similar to 
that of salmon. This indicates a higher observed ratio between l,7Cs in fish 
and sea water for salmon than for the other species. 
2^6 Strontnun-90, Radioceshun and Tritium in Faroese Drinking Water 
awl Othxr Fresh Waters 
The '•Sr and ,,7Cs of Faroese drinking water (Tables 2.2.6.1. A & B and Figure 
2.2.6.1) have been measured since 1987. The ,J7Cs levels have shown a decreas-
ing tendency in water from Thorshavn while the water from Klaksvig and 
Tværl has shown no dear trend. 
The relative contribution of Chernobyl ,}7Cs has been decreasing in Thors-
havn drinking water, but has shown an increasing trend in the water from 
Klaksvig and Tvzri. 
The mean concentrations of global fallout ,}7Cs in the period 1987-1990 
were 1.0 Bq nr } at Thorshavn, 0.2 at Klaksvig and 0.5 at Tvzrl If these levels 
are compared with the similar *°Sr mean levels, we can estimate the ,37Cs/,0Sr 
ratio from global fallout in Faroese drinking water to 0.23 ± 0.05 ( • 1 S.D.; N 
= 3). This ratio is in agreement with what was found in New York tap water 
in 1964 (HASL-161 (1965)). In earlier reports (Risø Reports (Faroese) 1962-
1982); (Risø Reports (Greenland) 1962-1982), (Risø Report No. 570) it has 
been assumed that the '^Cs/^Sr was 0.25, the present measurements support 
this assumption. 
A special sampling was carried out in July 1989 (Table 2.2.6.2). Compared 
with the corresponding sampling in July 1987 (Risø Report No. 564) the 1989 
levels were 0.34 ± 0.02 (± 1 S.D.; N = 4) times (hose in 1987, i.e. the "7Cs has 
decayed with an effective halflife of 1.3 years. 
Tables 2.2.6.3 and 2.2.6.4 show the radiocesium levels in stream and lake 
water, respectively, from the July 1989 sampling. The percentages of Cherno-
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byl |trCs in these samples were 79 r 15 • r I S.I>. N » 7). The mon contcntof 
"
;Cs in these fresh waters was 5.2:2-5 Bq a * ( -1 S.D.; X = 9:. The 
corresponding 1987 sampling sbeved a mean of 7.2 ± 3.0 Bq , rCs ra ' <. z 1 
S . D ; N - 5 ) . 
The drinking water I,7Cs concentrations in July 1989 were half of those 
found in stream and lake waters. 
The overall mean concentration of tritium in Faroes« drinking water from 
I9» and 19t9 was 1.30i0.13 kBq m * (= I S.D.; N * h)(Table 2.2.6.5). 
2-2.7 Stronthun-90 and Radioceshun in Miscellaneous Faroes« Samples 
12.1 Å Faroes« Soil 
The mean deposit of ,,7Cs in the Faroes were 8.0* 4.9 kBq m' ( *. 1 S.D.; N 
- 4) in July 1989 (Table 2.2.7.1.1) compared with 6.4*2.2 in July 1987. The 
difference reflects »homogeneities in the depositions at the four locations. 
The Chernobyl mean deposit at the four locations was 1.48 *. 0.95 kBq |t7Cs 
•W in July 1989 and 1.90 ± 0.64 in July S5S7 (TabU 2.2.7.1.2). 
In Section 2.6 the results of the soil analysis is given. The organic matter 
mean content in Faroes« soils was 1S.I * 11.5% {* 1 S.D.; N = 21). The mean 
day content was 6.8 *. 2.7% (* 1 S.D.; X - 21), sil: was 11.9 * 4.8% and sand 
was 63 ±9.7%. 
The Chernobyl contributions in Table 2.2.7.1.3 were calculated from the 
ratio: '^Cs/^'Cs in the samplet assuming that this ratio in pure Chernobyl 
debris was 0.38 in July 1987 and 0.201 in July 1989. Thr contributions were 
given as a percentage of the total i rCs in the samples. 
In soil and fresh water ;amples the Chernobyl percentage increased from 
1987to 1989(198?V1987% = 1.65±0.32(*1S.É;N - 10)). 
This may be explained by a delay in the transfer of the Chernobyl lJ7Cs 
from the crops and the animals to the soil and further on to the water. 
In biota (grass, fodder, milk and lamb) the percentage of Chernobyl l,7Cs 
decreased from 1987 to 1989 (1989 %/1987 % = 0.93 * 0.05 (* 1 S.E.; N = 11)) 
if lamb meat from Strom« in 1987 is omitted as an outlier, the ratio became 
0.89 i 0.02 ana is then highly significantly lower than one. 
The decrease in biota is explained by the decreasing contribution from 
direct contamination of ,}7Cs (resuspension included) and the consequemly 
increasing contribution from root uptake from 1987 to 1989. While the direct 
coniamination preferentially consisted of Chernobyl ;,7Cs, the root uptake 
had a significant contribution from global fallout ,J7Cs. Hence a decrease was 
to be expected. 
2-2.7.2 Faroes« Sea Water 
The mean concentrations in surface sea water collected at Thorshavn 
(Tables 2.2.7.2.1.A & B) were 1.88 * 0.12 Bq *>Sr m* and 2.9 * 0.4 Bq »7Cs m* 
in 1988 and 1.73*0.08 Bq *>Sr nr* and 2.6*0.25 Bq "7Cs nr3 in 1989. No 
IMCs was detected in the sea water samples (cf. also Figure 2.2.7.2). 
2.2.7.3 Faroes« Sea Plants 
The mean concentrations of ,37Cs and *°Sr in Faroes« seaweed were 0.6 Bq 
kg-1 dry matter and 0.2 Bq kg-' dry matter, respectively, for 1988 and for 1989 
the levels were 0.8 and 0.4, respectively, (Tables 2.2.7.3.1.A & B, Table 
2.2.7.3.2 and Figure 2.2.7.3). Pu and Am were determined in Faroese Fucus 
vesiculosus collected by Risø in July 1989 (Table 2.2.7.3.2). The mean of 
iMp„/2W4opu w a 5 0.027*0.004 (N = 5; ±1 S.E.) and the mean of »»Am/ 
HV4opu „J, 0.150±0015 (N = 4; *1 S.E., an outlier was excluded). This 
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suggests that all transuranics (bund in Farocse waters came from global rail-
out in July 19S9-
2.2.7.4 Faroese Potatoes 
The mean concentrations in Faroes«, potatoes were 0.065 Bq **Sr kgr1 and 1.4 
Bq i;:Cs kg;' in I9SS and 0.130 Bq *Sr kg-1 and 6.9 Bq »rCs kg-1 in I9S9 
(Tables 2.2.7.4.1.A & B and Figures 2.2.7.4.1 and 2.2.7.4.2). 
2.2.7.5 Faroes« Bread 
The **Sr le* :b in Faroese white bread was about 0.1 Bq kg-1 and rye bread 
contained 0.15 Bq kg-1. The ,J7Cs concentrations were 0.09 Bq kg-1 in rye and 
white bread. There was no significant difference between 19SS and 19S9 (Ta-
bles 2.2.7.5.A & B>. 
2.2.7.6 Faroes« Eggs 
The ,,7Cs levels of eggs have been decreasing since I9S7 and so have the *°Sr 
concentrations although less pronounced (Tables 2-2.7.6.A & Bi. 
l2Jt Hwnaas freaa the Faroes 
Ko samples in 19IS and 19S9. 
2.2-9 Fodder and Other Vegetation from the Faroes 
Silage contained 56 * 24 Bq l cCs kg-> dry matter (* 1 S.D.; N = 3) in July 
1919 (Table 2.2.9). 
2X10 Moss from the Faroes 
Apparently all radiocesium in the moss sample shown in Table 2.2.10 came 
from Chernobyl. The *°Sr and ,J7Cs levels in moss in 1989 were nearly un-
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Figure 2.1. The Faroe Islands. 
12 Risø-R-571(EN) 
Table 2.2.1.1. Strontium-90 in precipitation in the Faroes in 1988 and 1989. 
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Figure 2.2.1. Accumulated 90Sr at Klaksvig and Hojvig calculated from precipita-
tion measurements since 1962. The accumulated fallout by 1962 was estimated from 
the Danish fallout data (Risø Report No. 570, Appendix D) and from the ratio of 
the ^Sr fallout at the Faroese stations to the fallout in Denmark in the period 
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Tabte 2.2.1.2. Fallout rates and accumulated fallout 
















































































































































































































1950-1961: are estimated values based upon HASL data 
(HASL Appendix 291,1975) considering that the mean 
ratio of 90Sr fallout in Denmark to New York was 0. / in 
the period 1962-1974 and that the mean ratios of 90Sr 
fallout in Hdjvig to Denmark and Klaksvig to Denmark are 
1.39 and 2.76, respectively (Aarkrog, 1979). 
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Table 2.2.1.3A. Radiocesium in precipitation in the Faroes in 1988. 


















































Table 2.2.1.3.B. Radiocesium in precipitation in the Faroes in 1989. 
(Sampling area: 0.02 m2) 
Hojvig 
Year 13?Cs 137Cs ^ C s 
Bqm-3 Bqm-2 ^ C s 
1989 15 16 0.22 
Klaksvig 
!37Cs 13?Cs 
Bq m-3 Bq m-2 
0.67 
(Amounts of precipitation are shown in Table 2.2.1.1). 
1.51 
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Table 2.2.1.4. Fallout rates and accumulated fallout in the Faroes 1950-1989. (Unit: 
Bq "7Cs nr?) 
Faroese Thorshavn Klaksvig "iværå 









































































































































































































































































































































































Since 1986 Ihe cf, data are actual measurements Before this year the data were calculated from 
^Sr by multiplying by 1.6 
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Bq 90Sr Bq 9°Sr 




kg T fresh 
8 8 
15.4 
































Table 2.2.2.2. Strontium-90 and radiocesium in Faroese grass samples collected by 
Riso in July 1989 
Location 





















































































































































































































Figures in brackets were calculated by VAR3 (Aarkrog 1979). 
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Table 2.2.3.2.B. Radiocesium in milk from the Faroes in 1989 
Thorshavn Klaksvig Tværå Mean 























































































































































































Mean 1667 1030 - 1870 1160 - 3800 2400 2500 1540 
Table 2.2.3.3A. Analysis of variance of In Bq *"Sr (kg Ca)-> is Faroese milk in 
1988 (from Table 2.2.3.1A) 
Variation SSO f s2 v2 P 
Between months 
Between locations 











































Table 2.2.3.4A. Analysis of variance of In Bq l37Cs (kg K)-' in Faroese milk in 
1988 (from Table 2.2.3.2A) 
Variation SSD f s2 v2 P 
Between months 1.055 11 0.096 1.593 
Between locations 4.518 2 2.259 37.514 >99.95% 
Remainder 1.325 22 0.060 
Table 2.2.3A.B. Analysis of variance of In Bq ,37Cs (kg K)'1 in Faroese milk in 
1989 (from Table 2.2.3.2.B) 
Variation SSD f s2 v2 P 
Between months 1.702 11 0.155 2.642 >95% 
Between locations 5.510 2 2.755 47.035 >99.95% 
Remainder 1.289 22 0.059 
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Tablt 2.2.3.SA. Analysis of variance of In Bq li'Cs m'} in Farotse milk :n 1988 
{from TabU 2.2.3.2A) 
Variation SSO f s2 w2 P 
Between months 0 936 11 0 085 1.497 
Between locations 3.587 2 1794 31555 >99 95% 
Remainder 1251 22 0 057 
TabU 2.2.3.S.B. Analysis of variance of In Bq li7Cs m-»in Faroes* milk in 1989 
(from TabU 2.2.3.2.B) 
Variation SSO f s 2 
Between months 1.668 11 0152 2 621 >95% 
Between locations 5.179 2 2.589 44 744 >99.95% 
Remainder 1.273 22 0 058 
Tablt 2.2.3.6. Radiocesium and Stnmtium-90 in whole milk collected by Riso at 
Faroese farms in July 1989 
Location 











































Figure 2.2.3.1 Smmtium-90 in Faroese milk, 1962-1989. (Unit: Bq (kg Ca)-1). 
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Figure 2.2.3.5. Strontium-90 in milk f.om Denmark and the Faroes 1982-1990. 
(Unit: Bq (kg Car1). 
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Figure 2.2.4.2. Cesium-137 in lamb meat collected in the Faroes, 1962-1990. (Unit: 
Bq(kgK)-') 
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Figure 2.2.4.4. Global fallout 137Cs in Faroese lamb 1983-1990. (Unit: Bq kg-'). 
Table 2.2.S.I.A. Strontium-90 and radiocesium in fish flesh from the Faroes in 1988 
Sampling Species Sample Bq90Sr 
month type kg-' 
Bq9°Sr Bq" 7 Cs Bq i37Cs '3"Cs 

































1988 0.0002 B 2.1 B 0.34 101 
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k g 1 
Bq 137Cs 
( k g * ) 1 
'3«Cs 













0 038 A 
0.043 B 

















1989 0.0007 B 6.3 B 0.32 100 
Figure 2.2.5.1. Cesium-137 levels in meat of cod (Gadus callarias) and haddock 
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Figure 2.2.5.2. % Chernobyl 137Cs in cod and haddock collected in the Faroes, 
1987-1989. 



































Table 2.2.5.2.A. Strontium 90 and radiocesium in various marine animals collected 






















Table 2.2.5.2.B. Strontium-90 and radiocesium in various marine animals collected 











































































































































Mean 0.18 0.63 0.29 


































Table 2.2.6.I.A. Strontium-90 and radiocesium in drinking water from the Faroes 






90Sr 134Cs 137Cs 
2 9 3.2 
2.9 2.6 A 





















Table 2.2.6.1.B. Strontium-90 and radiocesium in drinking water from the Faroes 
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Figure 2.2.6.1. Stroniium-90 in drinking mater from the Faroes, 1962-1990. 
(Unit: Bq nr3). 
Table 2.2.6.2. Radiocesium in drinking water from the Faroes collected 





























Table 2.2.6.3. Radiocesium in stream isaterfrom the Faroes collected bx Rise 
July 1318,1989 
Location 
Sandå. south of Thorshavn/Stromo 
Hojdalsé. north of Thorshavn/Stromo 
Toftå near Hoivik/Stromo 
Valdaskarå/Sydero 
North of VatnsograrA/ågo 
Outlet in Arnef jord/Bordo 
•3-CS 
Bqm 3 




0 75 A 




















































1.42 ±0 36 
1.27 ±0.20 
1 38 ±0 09 
The error term is 1 S.E of triplicates. 
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g K kg-' 
Bq '37Cs kg-' 
'34Cs/i37Cs 
g K k g ' 
Bq '37Cs kg-' 
'3<Cs/'37Cs 
g K kg-' 
Bq'37Cskg-' 
'34Cs/'37Cs 































































Table 2.2.7.1.3. Percentage of Chernobyl liTCs in samples collected at Stroma, 
Borde and Sydew 1987 and 1989 












































































Figures with error terms are mean values of double determina-
tions * 1 S.E. The lamb figure is the mean of triplicates. 
'Lamb was from October and July. 
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TaUt 2.2.7.2.1'A. Strontimm-90 and cesium-13 7 m Fanen smrface sea tsater 
collectedM Thorshavn (6r02'N 06*47 VT)»198*. (Unit Ba *') 
Sampling 
date 
*>Sr '^Cs Salinity 
in%« 
April 184 2 8 35 1 
August 2 01 2 5 35 1 
December 178 3 3 35 0 
TahU 2.2.7.2.1.B. 5mmttmm-90 and cesiaw-137 m Faroese surface sea tsater 
collected at Thorshavn (6r02'N 06T4TW) in 1989. (Unit: B* mr') 
Sampling 
date 
»Sr '3?Cs Salinity 
in %o 
April 1.67 2 6 35 1 
September 1.70 2.4 35 0 
December 1.82 2.9 35.1 
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Fif urt 2.2.7.3. Strontinm-90 im sea plants collected at Thorshavn, 
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Table 2.2.7.3.2. Radionuclides in Fucus vesiculosus collected by Riso in the Faroes 









































•Global fallout 0 26 Bq kg-1 and 6 Bq 137Cs (kg K)-\ (88% Chernobyl 
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Figure 2.2.7.4.1. Cesium-137 in Faroesepotatoes, 1962-1990. (Unit: Bq kg-'). 
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Table 2.2.1.S A. Strontium-90 and radiocesium in Faroese bread in June 1988 
134Cs 
Sort Bq^Srkg- 1 Bq 9°Sr (kg Ca) ! B q ^ C s k g - 1 Bq 137Cs(kg K)1 7 3 7 ^ 
White bread 0.121 290 0.083 61 0.29 
Rye bread 0.159 230 0.099 49 
Table 2.2.7.S.B. Strontium-90 and radiocesium in Faroese bread in June 1989 
134Cs 
Sort BqQOSrkg-1 Bq9°Sr(kg Ca)-1 Bq 137Cs kg-1 Bq 137Cs(kg K)1 1 3 7 ^ 
White bread 0.089 71 0.099 76 0.114 B 
Rye bread 0.143 620 0.076 34 
Table 2.2.7.6A. Strontium-90 and radiocesium in Faroese eggs collected in 1988 
134Cs 
Date Bq9°Srkg-1 Bq 9°Sr (kg Ca)-1 B q ^ C s k g - 1 Bq 137Cs(kg K)-1 T ^ Q T 
June 0.028 47 0.21 178 0.18 A 
Table 2.2.7.6.B. Strontium-90 and radiocesium in Faroese eggs collected in 1989 
134Cs 
Date Bq9°Srkg-i Bq90Sr(kg Ca)-1 Bq137Cskg-1 Bq 137Cs(kg K)-1 l ^ T 
June 0021 306 0.149 115 
Table 2.2.9. Radiocesium in fodder collected in the Faroes by Risø in July 1989 
Species Location Date Bq137Cs Bq137Cs 134Cs 
kg-1 (d.w.) (kg K)-1 137Cs 
Silage Højvik July 12 43 3500 0.158 
Silage Bour July 15 41 1990 0.117 
Silage Øravik July 13 86 7700 0.164 
Table 2.2.10. Radionuclides in moss collected at Thorshavn (Kirkeby) in the Faroes 























2.3 Estimate of the Mean Contents of ^ Sr and D7Cs in 
the Faroese Human Diet in 1988 and 1989 
2.3.1 Annual Quantities 
The annual quantities are still based on the estimate made by the late Profes-
sor E. Hoff-Jørgensen in 1962 (Risø Reports (Faroese) 1962-1982) assuming a 
daily pro capite intake of approximately 3000 calories (12.6 MJ). 
2.3.2 Milk and Cream 
75% of the milk consumed in the Faroes is of local origin, and the remainder 
comes from Denmark. Hence the ^Sr content in milk consumed in the 
Faroes in 1988 was 1.2 x (0.75 x 0.054 + 0.25 x 0.054) = 0.065 Bq^Srkg-1, 
and the »37Cs content was 0.75 x 3.6 + 0.25 x 0.28 = 2.77 Bq >37Cs kg-1 (cf. 
2.2.3 and Risø-R-570). 1 kg milk contains 1.2 g Ca. 
For 1989 we get: 1.2 x (0.75 x 0.047 + 0.25 x 0.048) = 0.054 Bq ^ Sr kg"1 
and 0.75 x 2.46 + 0.25 x 0.178 = 1.89 Bq »37Cs kg-K 
2.3.3 Cheese 
Nearly all cheese consumed in the Faroes is of Danish origin, and the Danish 
figures from ref. 3 were used: 0.41 Bq ^Sr kg"1 and 0.135 Bq l37Cs kg-' in 1988 
and 0.44 and 0.153, respectively, in 1989. 
2.3.4 Grain Products 
As most grain products are imported from Denmark, the Danish figures (Riso 
Report No. 570) were used in the calculation of the Faroese levels. The mean 
daily consumption of grain products in the Faroes is, as in Denmark, 80 g rye 
flour, 120 g wheat flour, and 20 g grits. Hence the mean concentrations in 
grain products consumed in the Faroes in 1988 were 0.232 Bq 90Sr kg-1 and 
0.106 Bq I37Cs kg-', and in 1989 they became 0.181 and 0.110, respectively. 
2.3.5 Potatoes 
All potatoes consumed in the Faroes are assumed to be of local origin. The 
values from 2.2.7.4 were used, i.e. 0.065 Bq 90Sr kg-' and 8.4 Bq 137Cs kg"1 in 
1988, and 0.130 and 6.9, respectively, in 1989. 
2.3.6 Other Vegetables and Fruit 
As the amount of vegetables and fruit grown in the Faroes is limited, the 
Danish figures (Risø Report No. 570) were used. In 1988 the mean content in 
vegetables other than potatoes was 0.22 Bq ^Sr kg-1 and 0.095 Bq 137Cs kg-' 
and the mean content in fruit was 0.034 Bq ^ST kg-1 and 0.049 Bq 137Cs kg-'. 
In 1989 the levels became 0.185,0.089,0.020 and 0.054, respectively. 
2.3.7 Meat and Eggs 
Meat and egg consumption in the Faroes is estimated to consist of 50% locally 
produced mutton (or lamb), 25% local whale meat, and 25% sea birds and 
eggs-
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For lamb we use the mean of the samples obtained in 1988, i.e. 0.059 Bq 
*>Sr kg"1 (in 1989: 0.062) and 48 Bq '37Cs kg-' (in 1989: 45). Whale meat 
contained 0 Bq wSr kg-' and 0.37 Bq ,37Cs kg-', sea biids contained 0 Bq wSr 
kg-' and 0.14 Bq !37Cs kg"!, and eggs (cf. 2.2.5.2 and 2.2.7.6): 0.025 Bq «°Sr kg-' 
and 0.18 Bq 137Cs kg-'. The means of 1988 and 1989 data were used for whale, 
sea birds and eggs. Hence we estimate the mean content of ^Sr in meat and 
eggs consumed in 1988 to be 0.50 x 0.059 + 0.25 x 0 + 0.25 x (0 + 
0.025)/2 = 0.033 Bq ^ Sr kg-' and the 137Cs content to be 0.50 x 48 + 0.25 x 
0.37 + 0.25 x (0.14 + 0.18)/2 = 24.1 Bq '37Cs kg-'. For 1989 the concentra-
tions became 0.034 Bq ^ Sr kg"1 and 22.6 Bq I37Cs kg-'-
2.3.8 Fish 
All fish consumed in the Faroes is of local origin, and the mean content in 
fish, obtained from Table 2.2.5.1, was 0.00025 Bq ^Sr kg-' and 0.44 Bq '37Cs 
kg"1 in 1988 and 0.0009 and 0.36, respectively, in 1989. 
2.3.9 Coffee and Tea 
The Danish figures (Risø Report No. 570) were used for both 1988 and 1989, 
i.e. 0.25 Bq ^Sr kg-' and 3.82 Bq »37Cs kg-'. 
2.3.10 Drinking Water 
The mean values found in Table 2.2.6.1 were used, i.e. 0.00195 Bq ^Sr kg-' 
and 0.0031 Bq >37Cs kg-' in 1988, and 0.0033 and 0.0023, respectively, in 1989. 
Tables 2.3.1 and 2.3.2 show the diet estimates of ^ Sr and 137Cs, respectively. 
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Table 2.3.I.A. Estimate of the mean content of^Sr in the human diet in the Faroe 
Islands in 1988 
Type of food 






Meat and eggs 
Fish 






















































The mean annual calcium intake is estimated to be 0.6 kg (ap-
prox. 200-250 g of creta praeparata) Hence the ratio: Bq ^ Sr (kg 
Ca)-1 intotalFaroesedietwas77(2 1 pCi^SrfgCa)-1). 
Table 2.3. LB. Estimate of the mean content of^Sr in the human diet in the Faroe 
Islands in 1989 
Type of food 






Meat and eggs 
Fish 






















































The mean annual calcium intake is estimated to be 0.6 kg (ap-
prox. 200-250 g of creta praeparata). Hence the ratio: Bq 90Sr (kg 
Ca)-1 in total Faroese diet was 77 (2.1 pCi90Sr(gCa)]). 
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Table 2.3.2A. Estimate of the mean content ofli7Cs in the human diet in the Faroe 
Islands in 1988 
Type of food 






Meat and eggs 
Fish 






















































The mean annual intake of potassium is estimated to be approx. 
1.2 kg. Hence the ratio: Bq 137Cs (kg K)-1 becomes 1770 (48 pCi 
,37Cs(gK)-'). 
Table 2.3.2.B. Estimate of the mean content of137Cs in the human diet in the Faroe 
Islands in 1989 
Type of food 






Meat and eggs 
Fish 






















































The mean annual intake of potassium is estimated to be approx. 
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Figure 2.3.1. Strontium-90 in Faroese diet, 1962-1989. (Unit: Bq day'). 
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The ^Sr fallout rate in the Faroes in 1988 was approximately 0.5 Bq wSr nr2 
and in 1989 it was 0.2. The accumulated fallout by the end of 1989 was 
estimated to be approximately 3100 Bq ^Sr nv2 (84 mCi km 2) (the mean at 
Thorshavn and Klaksvig). 
The ,J7Cs mean deposit was 14 Bq nr2 in 1988 and 9 in 1989. 
2.4.2. 
The mean level of wSr in Faroese milk was 54 Bq (kg Ca)-' in 1988 and 47 in 
1989.TheI37Csconcentration was 3600Bq«37Csm'in 1988and 1780in 1989. 
Lamb contained 48 Bq l37Cs kg-' in 1988 and 45 in 1989. Fish showed mean 
levels of 0.44 and 0.36 Bq 137Cs kg-', respectively. 
The mean content of ^Sr in drinking water was 1.95 Bq nr3 in 1988 and 3.3 
in 1989. 
The mean daily pro capite intakes resulting from the Faroese diet in 1988 
were estimated to be 0.13 Bq wSr and 5.8 Bq I37Cs in 1988 and 0.13 and 4.9, 
respectively, in 1989. 
2.4.3. 
In terrestrial samples (grass, milk, lamb, drinking water, and fodder) collected 
in the Faroes in 1939 about 70% of the I37Cs came from Chernobyl. In marine 
fish 40% of the ,37Cs was from the Chernobyl accident in 1989 (in 1988:60%). 
The relative contribution of Chernobyl l37Cs to total ,37Cs in biota has been 
decreasing from 1987 to 1989. 
2.5 Predictions and Observations of ^ Sr and B7Cs in 
Faroese Samples in 1988 and 1989 
The models used for the predictions shown in Table 2A were based on data 
collected 1962-1976 (Aarkrog 1979). We observe that nearly all models over-
estimated the levels in 1988 and 1989, except those for 137Cs in cod fish and in 
Iamb. The mean levels for these two sample types were, however, encumbered 
with large standard errors. 
48 Riso-R-571(EN) 
Table 2.SA. Comparison between observed and predicted *°Srand l}7Cs concentrations 





Predicted Obs."re Mod<Hm Risp-5' J37 
= 1SE <Aarkrog 1973.1 
Drinking water. Thorshavn 
Dnnkmg water. Klaksvig 

















Bq *°Sr m -3 


































= 0 0 
= 0 50 
= 0 6 
= 0 07 
= 0 2 
= 150 
= 690 
= 0 024 





= 0 7 

































































= 0 01 
= 0 03 
= 0 02 
= 0 03 




= 0 08 
C 14 1 No 9 
C 1 4 1 No 10 
C 14 t No 11 
C 1.5.1 No 3 
C 1 5 1 No 3 < 
C 2 4 1 No 4 
C.2.4.2 No 3 
C 2 5 1 No 11 
C 2 53 No 8 
C 33 1 No 1 
C 3.3.2 No 1 
C 3 3 2 No 3 
C 3 3 2 No 5 
C.3.5.1 No 3 
C352NO 2 
C 34 1 No 5 
C 34 2 No 5 
C 3 4 3 No 1 
1 6' 
'"Milk year": June 1988- May 1989. 
Table 2.5.5. Comparison between observed and predicted ^Sr and ,}7Cs concentrations 
in Faroese samples collected in 1989 
Sample 
Drinking water. Thorshavn 
Drmkmg water. Klaksvig 


















Bq »Sr m 3 
Bq^Srm 3 
Bq »Sr m 3 



































= 0 6 
= 0.22 
= 18 
= 0 05 























































0 52 =0 07 
057 =015 
2 30 =0 94 
104 =0 03 
-
040 =0 06 
0 54 =0 27 
0 72 =0 27 
0 65 =0 25 
0175 = 0004 
0.32 =0 03 
0 27 =0 03 
0 35 =0 03 
044 =0 08 
1 20 =020 
103 =0 41 
146 =0 89 
0.44 =0.10 
Model in Riso-R-437 
(Aarkrog 1979) 
C I 4.1 No 9 
C.I.4.1 No 10 
C 141 No 11 
C I 51 No 3 
C.I.51 No .3 (> l 6) 
C 24 1 No 4 
C.2.4.2 No 3 
C 2 5 1 No 11 
C2 53No 8 
C 33 1 No 1 
C 3.3.2 No. 1 
C 3 3 2 No 3 
C.3.3.2 No 5 
C 3.5.1 No 3 
C 3 5.2 No 2 
C.3.4.1 No 5 
C 3.4.2 No. 5 
C 3 4 3 No 1 
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2.6 Texture and Soil Analysis 
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Table 2.6.2. Texture and soil analysis on soil collected at Klaksvig July 17,1989 
Percentage Rt Pt 
Depth Humus Clay S»t 
m cm (Organic < 0 002 mm 0 002-
matter) 0 02 mm 
Fine sand Sand Extractable Exchangeable Specific 
0 02- 0 2-2 mm pH - O 5 phosphate potassium weight 















1 0 5 
1 8 2 
4 6 9 
4 1 6 
4 2 7 
33 3 
1 5 4 
26 7 


















































0 2 mm 






0 2-2 mm 
8 6 
1 2 4 
1 7 8 
1 3 0 
144 
Rt 
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3 Environmental Radioactivity in 
Greenland in 1988 and 1989 
3.1 Introduction 
3JJ. 
The sampling programme was similar to that used previously to Chernobyl. 
3.U. 
As hitherto, samples were collected through the local district physicians and 
the head of the telestations. However, we have also obtained samples collected 
by the Greenland Fisheries and Environmental Research Institute. A number 
of the Greenland food samples were obtained from K.N.I. (Kalaaliit Niuer-
fiat) (Greenland Trade). 
3.13. 
The estimated mean diet in Grenland was the same as that in 1962, i.e.. it 
agreed with the estimate given by the late Professor E. HofT-Jorgensen. 
3.1.4. 
The environmental studies in Greenland were carried out together with cor-
responding invesiigations in Denmark (cf. Riso Repon No. S70) and in the 
Faroes (cf. Chapter 2 in this repon). 
3.1.5. 
The present repon does not repeat information concerning sample collection 
and analysis already given in Riso Reports (Greenland) 1962-1982. 
3.2 Results and Discussion 
3.2.1 Strontium-90 in Greenland Precipitation. 
Tables 3.2.1.1. A & B show the results of the measurements. 
The wSr fallout in 1988 and 1989 at the Greenland stations were generally 
lower as compared with 1987. 
Figure 3.2.1 shows the accumulated *°Sr at the various stations in Green-
land since measurements began in 1962 (cf. also Table 3.2.1.2). 
3.2.2 Radionuclides in Greenland Sea Water 
Tables 3.2.2.A & B show the samplings carried out in 1988 and 1989. 
The Chernobyl contribution to total ,}7Cs in sea water from East Greenland 
in 1988 was about 20% (Table 3.2.2.A). 
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3-2J Stoowtinm-90 and Radiocesiwn in Greenland Terrestrial Mammals 
Reindeer collected in 1988 and 1989 contained 15% and 11% (compared to total 
»
7Cs). respective, of Chernobvl ,,rCs (Tables 3.2.3.I.A & B) (cf. also Figures 
3.2-3.1-3.2.3.3). 
32.4 Stronthup-90 and RadJocesium in Greenland Agnatic Animals 
Ii appears from Tables 3.2.4.1.A & B that the ,,7Cs leveb in marine biota were 
generally lower in 1988 and 19S9 than the concentrations measured in 1987, 
and the Chernobyl signal had almost disappeared (see also Tables 3.2.4.2.A & 
Band Figure 3.2.4). 
3X5 Radionuclides in Greenland Vegetation 
Tables 3.2.5.1.A & B show that Chernobyl IJ7Cs was detectable in seaweed in 
1988. The percentage (to total l,7Cs) was nearly 60% and in 1989 it was abou. 
50%. Technetium-99 was measured in 1988 and the levels were similar to 
those seen 1987. The *°Sr concentrations in Fucus in 1988 and 1989 were twice 
those observed in 19S7. 
A turf with moss and lichen was collected at Scoresbysund in 1988 (cf. 
Table 3.2.5.2.A). The total deposition of ,,7Cs measured to a depth of 5 cm 
was 1.43 kBq or2, the contribution from Chernobyl was 0.12 kBq or*. 
Chernobyl ,,7Cs was also detected in grass and lichen from Godthåb, the 
Chernobyl contribution to the total I,7Cs amounted to 10% for grass; in case of 
lichen we found only 4%. 
3.2.6 Strontium-90 and Tritium ht Greenland Drinking Water 
Tbe levels in drinking water (Tables 3.2.6.1.A & B and Figure 3.2-6) are still 
surprisingly high compared with present rain concentrations (cf. Tables 
3.2.I.I.A & B). We have suggested that evaporation from the drinking water 
reservoirs was responsible for the higher *°Sr levels. Tritium measurements 
show (Tables 3.2.6.2.A ic B) that Greenland drinking water shows similar 
tritium )*"eis as rain from Denmark (Rise Report No. 570); hence evapora-
VJD seems to be a possible explanation. Tbe high wSr levels may, however, 
also be due to the extraction of old deposited *°Sr activity from the soil by the 
water collected for drinking or to a migration of Sr-90 in the ice which might 
enrich certain layei> (and deplete others). This would also be compatible with 
"normal'' tritium concentrations. If old ice (e.g. from the early sixties) had 
been the source, we would have expected high tritium concentrations. 
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Figure 3.1. Greenland (Bq H7Cs m~2from Chernobyl is indicated). 
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Table 3.2.11.A. Strontium-90 in precipitation in Greenland m 19S8. 
(Sampling area: 0.02 nv) 
































































Table 3.2.1.LB. Strontium-90 in precipitation in Greenland in 1989. 
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1960 1965 1970 1975 
YEAR 
1980 1985 1990 
Figure 3.2.1. Accumulated 90Sr at Prins Chr. Sund, Godthåb, Scoresbysund (Kap 
Tobin) and Upernavik calculated from precipitation measurements since 1962. The 
accumulated fallout by 1962 was estimated from the Danish data (Riso Report No. 
509, Appendix D) and from the ratio of the 90Sr fallout at the Greenland stations to 
that in Denmark in the period 1962-1974. 
Table 3.2.2.A. Radionuclides in surface sea water collected in Greenland in the 
autumn of 1988 
Location Bq ,37Cs rrr3 
Danmarkshavn 8.1 
Prins Chr. Sund 6.5 








0 044 A 
0.072 
Table 3.2.2.B. Radionuclides in surface sea water collected in Greenland in the 
autumn of 1989 








Table 3.2.3.1 A. Radiocesium and strontium-90 in Greenland reindeer collected in 1988 
Location Sample Bq ,37Cs 
kg ' 
meat 
^ C s Bq 30Sr Bq 90Sr 
!37Cs kg ! (kgCa)' 
meat in bone 
gK g Ca 
kg1 k g ' 
meat meat 
KN! II 40 0.041 0042 1560 3.8 0.061 
Table 3.2.3.LB. Radiocesium and strontium-90 in Greenland reindeer collected in 1989 
Location 
KNI 






















Figure 3.2.3.1. Cesium-137 in reindeer meat from Greenland, 1962-1990. 
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Figure 3.2.3.2. Slrontium-90 in reindeer bone from Greenland, 1962-1989. 
(Unii.BqfkgCa)-'). 
Figure 3.2.3.3. Cesium-137 in Greenland mutton, 1962-1989. (Unit: Bq kg-1). 
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Figure 3.2.4. Cesium-137 in seal and whale meat from Greenland 1962-1990. 
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Table 3.2.4.2.A. Strontium-90 in aquatic animals from Greenland in 1988 
Species Location Month 90Sr 
B q k g - 1 
90Sr 
B n(kgCa) •' 
g Ca kg ] 
flesh 
flesh bone 
Halibut KNI July 0.001 B 0.4 
Shrimps KNI 0.011 
Table 3.2.4.2.B. Strontium-90 in aquatic animals from Greenland in 1989 
0.47 
0.45 
Species Location 90Sr 
Bq kg-1 
flesh 
9°Sr g Ca kg-1 





















Table 3.2.5.1.A. Radionuclides in seaweed collected at Godthåb in 1988 
Species Date 90Sr »Sr 99Tc wCs 
Bqkg-1 Bq Bqkg-1 Bqkg-1 
dry (kg Ca)-1 dry dry 
gK gCa 13<CS 
kg-1 dry kg-1 dry ^ C s 
Fucusvesiculosus 31/8 0.64 48 4.4 0.70 24 13.2 
Ascophyllum nodosum 31/8 0.3B 20B 11.1 1.25 21 16.9 0.15A 














































Bq kg-1 Bq rrr2 
dry 
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Table 3.2.6.1A. Strontium-90 in drinking uuter collected in Greenland m 1988 
(Una: Bq or1) 
Location Jdn-Mar April-June July-Sepi Oct-Dec 
Scoresbysund 















Table 3.2.6.1.B. Strontium-90 in dnnkmg vater collected in Greenland in 1989 
(Unit: Bq m~3) 















Figure 3.2.6. Strontium-90 in Greenland drinking vater (geometric mean), 



















TiiW«* 3.2 6.2.A. Tritium in drinking vraicr collfiud in Greenland in 1988 
(UmtkBqm -*) 
Location Jan-March 
Scoresbysund 1.93 = 0 29 
Prins Chr. Sund 1.74 r 0 28 
Godthåb (April-June) 174 = 010 
Upernavik 2 41 r 0 38 
The error term is 1 S E of the mean of 
double determinations 
Table 3.2.6.2.B. Tritium in drinking 'xaier ccllected in Greenland in 1989 
(Unir: kBq m-*) 
Location Jan-March 
Danmarkshavn 1.68 = 0 25 
Scoresbysund 1 65 = 0.30 
Upernavik 2.36 = 0 40 
The error term is 1 S.E. of the mean of 
triple determinations 
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33 Estimate of the Mean Contents of ^ Sr and B7Cs in 
the Human Diet in Greenland in 1988 and 1989 
33.1 The Annual Quantities 
The estimate of the daily pro capite intake of the different foods in Greenland 
is still based on the figures given in 1962 by the late Professor E. Hoff-Jorgen-
sen, in Riso Report No. 65 (Riso Reports (Greenland) I962-I9S2). 
3 3 2 Milk Products 
All milk consumed in Greenland was imported as milk powder from Den-
mark. The mean radioactivity content in milk prepared from Danish dried 
milk produced in 1988 was 0.062 Bq *>Sr kg-' and 0 28 Bq '"Cs kg-' (Riso 
Report No. 570) and in 1989: 0.058 and 0.178, respectively. 
Cheese was also imported from Denmark and contained 0.41 Bq *°Sr kg-1 
and 0.135 Bq l>7Cs kg"1 in 1988 ana 0.44 and 0.153, respectively, in 1989. 
3 3 3 Grain Products 
All grain was imported from Denmark. It is assumed that only grain from the 
harvest of the previous year was consumed in Greenland during a given year. 
The daily pro capite consumption was: rye flour (100% extraction): 80 g; 
wheat flour (75% extraction): 110 g; rye flour (70% extraction): 20 g; biscuits 
(rye, 100% extraction): 27 g, and grits: 25 g. The content of "'Sr in these five 
products was 0.43,0.08, 0.09, 0.32, and 0.23 Bq kg-', respectively. Hence the 
mean content of "'Sr in grain products was 0.23 Bq kg-1. The content of 137Cs 
in the five products was 11.1, 0.29, 2.22, 8.22, and 0.37 Bq kg-1. Hence the 
mean content of l37Cs in grain products was 4.56 Bg kg-'. 
The activity levels in rye flour (100% extraction), wheat flour (75% 
extraction), and grits were all taken from Tables 5.9.1.A & B and 5.9.2.A & B 
in Riso Report No. 570. The calculations of the "»Sr level in rye flour (70% 
extraction) was made similarly to that of the level in wheat flour (75% 
extraction), i.e. as one-fifth of the whole- grain activity. The 137Cs content in 
rye flour (70% extraction) was calculated as one-half of the whole-grain level 
in rye in analogy with the ratio of I37Cs in whole wheat grain to wheat flour 
(75% extraction) (Riso Report No. 570). The ^Sr and ,37Cs contents in bis-
cuits were calculated by dividing the levels of the rye flour (100% extraction) 
by 1.35, since 1 kg flour yields 1.35 kg bread (Riso Report No. 570). 
33.4 Potatoes, Other Vegetables, and Fruit 
The Danish mean levds for 1988 and 1989 were used (Riso Report No. 570), 
since the local production is insignificant compared with imports from Den-
mark. 
The Danish mean levels in 1988 were: in potatoes 0.037 Bq wSr kg-' and 
0.094 Bq lJ7Cs kg"1 (in 1989: 0.036 and 0.114, respectively), in other vegetables 
0.22 Bq *>Sr kg-' and 0.095 Bq "7Cs kg-' (in 1989: 0.185 and 0.089, respective-




Nearly all meat consumed in Greenland is assumed to be of local origin. 
Approximately 10*0 comes from sheep. 5% from reindeer. 60% from seals. 5% 
from whales, and 20% from sea birds and eggs. 
The activities in reindeer were estimated from 3.2.3. Seal and whale were 
estimated from 3.2.4. The levels of lamb and sea birds *and eggs) were taken 
from last year's measurements (Riso Reports (North Atlantic Region* 19S3-
1987). Hence the mean levels in Greenland meat from 198S were 0.013 Bq *"Sr 
kg-' and 5.1 Bq '"Cs kg-' (1989: 0.022 and 8.5. respectively;.. 
1988: (*>Sr: 0.1 x 0.097 + 0.05 x0.042 - 0.6> 0.002 - 005 x0.001 - 0.2x0 
= 0.013 Bq kg"1) 
('-*7Cs: 0.1x29 + 0.05x40 + 0.6x0.16 + 0.05x0.54 - 0.2x0.44 = 
5.1 Bq kg-') 
1989: (*>Sr: 0.1x0.097 + 0.05>0.20 -r 0.6x0.004 + 0.05x0.001 + 
0.2x0.001 = 0.022 Bqkg"1) 
(»7Cs: O.lx-29 + 0.05x108 * 0.6x0.24 + 0.05x0.54 + 0.2x0.31 = 
8.5 Bq kg-1) 
3.3.6 Fish 
All fish consumed was of local origin, and the mean levels from 1988 were 
used. i.e. 0.001 Bq *>Sr kg-' and 0.34 Bq »:Cs kg-' (1989: 0.0034 and 0.32. 
respectively). 
3.3.7 Coffee and Tea 
The Danish figures for 1988 and 1989 (Riso Report N'o. 570) were used for 
coffee and tea, i.e. 0.25 Bq *>Sr kg"1 and 0.82 Bq l-,TCs kg-'. 
3.3.8 Drinking Water 
The geometric mean calculated in 3.2.6 was used as the mean level of wSr in 
drinking water, i.e. 8.9 Bq *>Sr nrJ (in 1989: 6.1 Bq ^Sr m \ The ":Cs 
content was approximately 3 Bq I3"Cs nv-'j. 
Tables 3.3.1 and 3.3.2 show the diet estimates of wSr and 137Cs, respectively. 
3.3.9 Discussion 
The most important ^Sr source in the Greenland diet is still grain products, 
which contribute nearly 60% of the total ^Sr content in the diet. Approxima-
tely 85% of the ^Sr in the food consumed in Greenland in 1988-1989 origina-
ted from imported (Danish) food. 
Meat is still an important ,,7Cs source in the Greenland diet, contributing 
70-80% of :he total content in 1988-1989. About 85-90% of the "7Cs in the 
Greenland diet in 1988-1989 came from local products. 
The l,7Cs levels were about r.aif that found in 1987. As discussed earlier 
(Riso Reports (Greenland) 1962-1982), the great variations from year to year 
are primarily due to the variations in the 137Cs levels in the lamb and reindeer 
samples obtained. 
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Tabie 3.3.1.A. Estimate of the mean content øf ^Sr m the human diet m Greenland 
inlW 
Type of food 






Meat and eggs 
Fish 






















































The r r j n annua! calcium intake is estimated to be 0 56 kg 
(approx 0 2-0 25 kg creta praeparata) Hence the *3Sr Ca ratio in 
Greenland total diet in 1988 was 72 3q ^Sr (kg Ca) ' and the 
daily intake was 0.110 Bq ^Sr 
Table 3.3.I.B. Estimate of the mean content of*°Sr in the human diet in Greenland 
in 1989 
Type of food 






Meat and eggs 
Fish 






















































The mean annual ca'ciuni intake is estimated to be 0 56 kg 
(approx 0 2-0.25 kg creta pra« oarata) Hence the ^Sr/Ca ratio in 
Greenland total die* in 1989 \M3 59 Bq ^Sr (kg Ca) ' and the 
daily intake was 0.090 Bq 9°Sr 
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TMe i. S. 2.A. htttmate oftke m,an nm:.-HI ar 
m CireenUtnJ ir. IVSS 
\'f (K the human Jut 
Type or f cc ^ 






Meat and eggs 
Fish 








































r e r c e n i j y t : v/ 












The mean annual potassium intake is estimated to be appro 1 2 
kg Hence the T3?Cs/K ratio becorr.es 267 Bq :37Cs *kg K> ' Tre 
daily intake M 1938 from food was 0 8c 3q "37Cs 
Table 3.3.2.B. Esnm.au oftht mean content of i}'Cs in the human Jut 
in Greenland in 1989 
Type of food 






Meat and eggs 
Fish 









3 2 8 
5 5 
1 3 5 
45 6 
1 2 7 6 
7 3 
548 






















5 9 9 
0 8 2 
464 98 
Percentage o' 












The mean annual potassium miake is estimated to be approx 1 2 
kg Hence the !37Cs/K ratio becomes 387 Bq !37Cs (kg K> '. The 
daily mlake m 1989 from foon /as 1 27 Bq T37Cs 
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1960 1965 1970 1975 1980 
YEAR 
1985 1990 1995 
Figure 3.3.1. Strontium-90 in Greenland diet, 1962-1989. (Unit: Bq day'). 
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The wSr fallout rates in 1988 and 1989 were less than 1 Bq irr2 per year. 
3.4.2. 
The food consumed in Greenland in 1988 and 1989 contained on the average 
66 Bq wSr (kg Ca)-1, and the daily mean intake of l37Cs was estimated as 1.1 
Bq. The most important 90Sr contributor to the diet was grain products. 
Cesium-137 originated mainly from meat (reindeer and lamb). Chernobyl 
radiocesium was detectable in Greenland food, but did noi influence the 137Cs 
level significantly. 
3.4.3. 
No 90Sr analyses of human bone samples have hitherto been carried out on 
the population of Greenland. Considering the estimated 90Sr levels in the 
diet, it seems probable (Riso Reports (North Atlantic Region) 1983-1987), 
however, that the 1988-1989 90Sr levels of humans in Greenland were on the 
average rather similar to those found in Denmark, i.e. the mean levels in 
human bone in Greenland were approximately 18 Bq 90Sr (kg Ca)-' (verte-
brae). From diet measurements, the I37Cs content in Greenlanders was esti-
mated as 1000 Bq I37Cs (kg K)~«. 
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4 Environmental Radioactivity in the 
North Atlantic Region 
4.1 Monthly Surface Sea Water Samples from Utsira, 
Norway 
Institute of Energy Technology, Kjeller, Norway, collects monthly sea water 
samples at Utsira 59°19'N, 4°54'E in SW-Norway. From this station it is 
possible to monitor the radioactivity in the Norwegian Coastal Crrrent, 
which carries the activity from the North Sea to the Arctic water* in the 
north. 
Tables 4.1.1.A & B show the results from 1988 and 1989, respectively. 68% of 
the I37Cs in the sea water from Utsira in 1988 was from Chernobyl, in 1989 the 
contribution had decreased to 48% (see also Figures 4.1.1 and 4.1.2). 
The annual mean concentrations of "Tc in sea water at Utsira may be 
correlated to the discharges of "Tc from Cap de la Hague (in TBq >-')• 
The following relation was found for a year (i) in the period 1986-1991: 
Bqm-3(i) = 0.08 TBq r W a - n 
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Table 4.1.LA. Radiocesium and Technetium m surface sea water collected in 1988 


































































Table 4.1.1.B. Radiocesium and Technetium in surface sea water collected in 1989 
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Figure 4.1.1. Cesium-137 in surface sea water collected at Utsira (59797V, 4°54'E), 
1986-1990. (Unit: Bq m-3). 
Figure 4.1.2. Technetium-99 in surface sea water collected at Utsira (59°19'N, 




4.2 Surface Sea Water Samples Collected in West 
Greenland Waters in 1988 by The Greenland Fisheries 
and Environmental Research Institute 
The sampling in 1988 was the seventh since this programme began in July 
1983. The ,?7Cs data were treated by two-sided anovas (cf. Table 4.2.2). 
The variation between locations was significant; the soathern locations at 
64°N contained 1.4 times higher concentrations than the northern at about 
7PN. The levels have been decreasing throughout the years (cf. the discussion 
in Riso-R-564). 















































Name cf Location 
Fylla Banke (Nuuk) 


































































Table 4.2.2. Anova of In Bq I37Cs m~J surface water collected off West Greenland 





























4.3 "Bjarni Sæmundson" Cruise to the Denmark Strait 
and the Southern Greenland Sea in September 1988 
(GSP Project) 
Table 4.3 show the results of the wSr, "Tc and radiocesium analyses from 
samples collected by "Bjarni Sæmundson" in September 1988 (Dahlgaard et 
al., 1991) (see also Figures 43.2-4.3.13). 
Below is given a procedure for estimation of Sellafield derived 137Cs in East 
Greenland waters in 1988: 
The measured ^Sr concentration: Sm is corrected for ^Sr from Sellafield: 
Ss by subtraction of 4.26 x Tm, where Tm is the measured "Tc in Bq nr3 in 
the sample, and .26 is the ratio between ^Sr and "Tc in the Sellafield 
releases 1978-1988. We then get *>Sr due to fallout Sf 
S f = S m - 4 . 2 6 x T m (1) 
A possible contribution of "Tc from global fallout is neglected in this 
calculation. 
The contribution of Atlantic water fallout (x) and Arctic water fallout (1-x) 
is calculated from the equation: 
1.65x + (1-x) 3.15 = S f, 
x = 3 1 5 ' s f - 2 i . i L (2) 
1.50 1.5 K ' 
If Sf < 1.65 we assume the sample to consist of Atlantic water only and if Sf 
> 3.15 we assume the sample to consist of 100% Arctic water. 1.65 is the 
calculated fallout level: Bq ^Sr nr3 in Atlantic water in 1988 and 3.15 is the 
corresponding figure for Arctic water. The equations used for these calcula-
tions were based upon observations at the Faroe Islands and in the East 
Greenland Current since 1974 (t = 0): 
Atlantic *>Sr Bq nr3 in year t: 3.52 e-° M*1 
Arctic*>Sr Bq nr3 in year t: 7.1 e° °58« 
The measured ,37Cs: Cm is corrected for Chernobyl derived l37Cs: Cc by 
subtraction of the measured I34Cs divided by 0.2603 (in September 1988). Cc 
=
 ,34Cs/0.2603. The remaining 137Cs after this subtraction consists of fallout 
,37Cs: Cf and Sellafield I37Cs: Cs. 
The fallout 137Cs: Cf is estimated from the equation: Cf = x-2.32 + (1-
x)-3.64, where x was determined above for ^Sr: x = 2.1 - Sf/1.5 and 2,32 is Bq 
l37Cs n. 3 in Atlantic water in 1988 and 3.64 is the corresponding figure for 
Arctic water. These concentrations were determined from observations since 
1974 (i = 0) as for *>Sr above: 
Atlantic l37Cs Bq nr3 in year t 6 0 e0Mi« 
Arctic 137Cs Bq nr3 in year t: 10.4 e om' 
C, = 3.64 - 1.32x = 3.64 -1.32 (2.1 - S/1.5) = 0.87 + 0.88 x Sf (3) 
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C5 = Cm - Cc - C, = Cm - (»4Cs 0.2603) - 0.87 - 0.88 x S, 
= Cm - (I34Cs/0.2603) - 0.87 - 0.88 Sm + 3.75 Tm (4) 
Using the above calculation procedure we came to Figure 4.3.1 showing 
how the calculated contributions of 137Cs from Sellafield correlate with the 
measured "Tc concentrations in the surface waters between Iceland and 
Greenland. 
The correlation implies that the I37Cs concentrations from Sellafield ef-
fluents present in East Greenland surface waters in 1988 were 23 ±6 times 
higher than the "Tc concentrations. If we assume that the Sellafield effluents 
seen in the surface waters between Iceland and Greenland in 1988 were due to 
discharges from Sellafield in 1978-1981 (corresponding to a transit time of 7-10 
years) the ratio between 137Cs (decay corrected) and "Tc in these discharges 
was 35. This is in reasonable agreement with the above figure of 23 ± 6 taking 
into account that some 137Cs has gone to the sediments on its long way to 
Greenland. 
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Table 4.3. Radionuclides in sea teater collected from »Bjarni Samundsem- (Greenland Sea Project/ in the 
Greenland Sea and Denmark Strait in September I9SS 
Position 
N W 
6 5 4 V 24 2 3 
6 6 2 9 2 3 0 3 
7 0 5 9 14 2 0 
70 5 9 14 2 0 
7 0 5 9 14 2 0 
7 0 5 9 ' 14 2 0 
7 0 5 9 1 4 ' 2 0 
71*00- 17 17 
71 0 0 17 17 ' 
71 00 ' 17 17' 
71 00 ' 17 17 
71*00 17 17" 
7 0 5 9 1 8 4 8 
7 0 5 9 ' 18 4 3 ' 
70 59" 18 4 8 
7 0 5 9 18 48-
7 0 5 9 1 8 4 8 
7 0 5 9 - 1 8 4 8 
7 1 0 0 2 0 2 5 
7 T 0 0 ' 2 0 2 5 ' 
7 T 0 0 20 25" 
7 0 5 9 ' 1 9 2 6 -
70 5 9 ' 1 9 2 6 -
70-59- 19=26-
7 0 ; 5 9 ' 1 9 2 6 -
7 0 ' 5 9 1 9 2 6 
71 0 0 0 9 3 0 
70 0 0 17'56-
70 00- 2 1 4 7 " 
6 8 3 0 1 8 5 5 
6 8 3 9 2 6 2 0 ' 
6 8 0 8 25 13-
6 8 0 8 2 5 1 3 
6 8 0 8 25 13 
6 8 0 8 - 2 5 1 3 -
6 7 08- 22 54 -
6 7 0 8 22 5 4 
6 7 0 8 22 5 4 ' 
























































3 0 0 
5 0 0 
7 5 0 
1 3 5 0 
5 
8 0 
3 0 0 
5 
8 0 
3 0 0 










5 0 0 
5 
100 
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3 4 6 
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34 2 
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3-: 3 
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34 3 
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3 4 6 
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- 100 
Calculated Sellafield Bq Cs-137/m3 
Figure 4.3.1. Technetium-99 in surface sea isater 65°S'-7t'X' collected bem-een 
Iceland and Greenland September 1988 related to Cesium-13? from Sellafield. 
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30°W 20°W 10°W 
Figure 4.3.2. Cesium-137 in surface sea water from Greenland Sea Project Septem-
ber 1988. • : sampling location, : profile. (Unit: Bq mr3). 
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30°W 20°W 10°W 
Figure 4.3.3. Chernobyl ,}7Cs in surface sea teater from Greenland Sea Project 
September 1988. • : sampling location, : profile. (Unit: Bq nr}). 
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30°W 
Fiptre 4.3.4. Strontium-90 in surface sea oater from Greenland Sea Project Sep-




Figure 4.3.5. Technetium-99 in surface sea water from Greenland Sea Project 
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F»£«r* 4.3.6. Cesium-137 in the 71°N section of the Greenland Sea Project Septem-
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Figure 4.3.7. Chernobyl l37Cs in the 7I°N section of the Greenland Sea Project 
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Figure 4.3.9. Technetium-99 in the 71aN section of the Greenland Sea Project 








Figure 4.3.10. Cesium-137 in the Denmark Strait section of the Greenland Sea 



















Figure 4.3.U. Chernobyl l}7Cs in the Denmark Strait section of the Greenland Sea 
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Figure 4.3.I2. Strontium-90 in the Denmark Strait section of the Greenland Sea 












Figure 4.3.13. Technetium-99 in the Denmark Strait section of the Greenland Sea 
Project September 1988. (Unit: mBq m-J). 
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4.4 Radionuclides in Lichen Collected at a Norwegian 
Location 1985-1991 
Every summer since 19S5 lichen samples (Cladonia stetlaris) have been collec-
ted 30 km southeast of Alvdal at Belling (62'02'N, 10'48'E; in Norway. The 
sampling site is an open plateau covered with a thick carpet of lichen. Table 
4.4 shows the results. The ratios of other radionuclides relative to l}*Cs were 
ail decay corrected to April 26, I986r when the Chernobyl accident began. 
Figures 4.4.1-4.4.5 show that the efiective half-life of l5"Cs is longer in Norwe-
gian lichen than in the Danish. 
Table 4.4. Radionuclides m Somvgian licken collected 1985-1991 
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Figure 4.4.1. Cesium-137 in Somegian lichen collected 19851991 at 62*02'* 
l(r48'E. (Unit: Bqkr1 dry,. 
Figure 4.4.2. Cesium-137 in Sonvgian lichen collected 19X5 1991 at 62'02'S 
lWEAUnitBqm-2). 
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Figure 4.4.3. Cestum-137 in lichen from Skagen, Denmark, 1983-1991. 
(Unit: Bq kr! dry). 
Figure 4.4.4. Cesium-137 in lichen from Skager., Denmark, 1983-1991. 
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Figure 4.4.S. Chernobyl and fallout Cesium-137 in lichen from Skagen. Denmark, 
1983-1991. (Unit: Bq kg-'dry L 
4.5 Radionuclides in Fucus Vesiculosus and Fucus 
Serratus Collected at a Norwegian Location 1984-1990 
Table 4.5 shows that the relative contribution of Chernobyl »}7Cs decreased 
from 100% in 1986 to 75% in 1990 in Fucus collected at Trondheim Fjord in 
Norway. 
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4.6 Environmental Samples from Iceland 
Table? 4.6.1-4.6.3 show radiocesium levels in soil, meat and vegetation collec-
ted in Iceland in 1985,1988 and 1989. 
A few samples contained 1,4Cs suggesting the presence of Chernobyl debris. 
The soil sample from Gljufurholt showed a Chernobyl deposition of about 56 
Bq I37Cs m - ' . The reindeer sample contained 32% ii7Cs from Chernobyl. The 
Blåfjåll moss showed a Chernobyl deposition of 105 Bq I37Cs nr 2 and the grass 
from Gullfoss contained 26 Bq 137Cs nr2. 
Table 4.6.1. Soil samples (0-10 cm layer) collected in Iceland, October 31,1988 (Pall 
Thsodorsson, University of Iceland) 
Position 
N W 






























































Table 4.6.2. Meat samples collected in Iceland November 9,1988 (Pall Theodors-
son, University of Iceland) 
Species B q ^ C s B q ^ C s 
















Table 4.6.3. Radionuclides in teazxced, moss and soil (grass) collected in Iceland 
1985-1989. (Sample obtained from Pall Theodorsson, University of Iceland and 
Kdri Indridason, SIS, Iceland) 
Posit ion 
N W 
63 50' 22 27 
6 6 3 3 ' 18 00' 
63 26 20 16 
6 4 1 0 ' 2 2 0 1 
6-T03" 2 1 3 0 ' 
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• ^ C s 
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dry 
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' • "Cs 




Be? kg ' 
dry 
2 3 - 0 03 
1 1 2 ^ 0 0 5 
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T 4 ! 
6 0S 
As no Ascophyllum nodosum. 
Fu-Ve Fucus vesiculosus 
'63% dry matter 
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